Introduction
Hepatitis B (HB) is the most prevalent source of viremia and one of the major causes of liver disease and cirrhosis. 1 Hepatocellular carcinoma is the sixth most common cancer worldwide, and half of all cases are consequent to chronic HB virus (HBV) infections. After tobacco, HBV is the most significant carcinogenic factor. 2 The World Health Organization estimates that 40% of the global population has had contact with or is a chronic carrier of HBV. 3 Currently, it is estimated that 360 million people are chronic carriers, resulting in approximately 700,000 deaths per year worldwide that are either directly or indirectly related to HBV. 3, 4 HBV transmission happens through percutaneous or mucosal exposition to infectious blood or body fluids. However, the primary forms of HBV transmission are limited nowadays and remain through sexual contact with multiple partners, among men having sex with men, drug injection users, and perinatal transmission. 5 The prevalence of infection is varied worldwide. The Centers for Disease Control and Prevention (CDC) keeps an update map of HBV infection prevalence. Higher prevalence ($8%) is seen in most parts of Africa, Middle and South Asia, and in the Andes region of Colombia and Peru. Intermediate prevalence (2%-7.9%) is seen in Moreover, the incidence of HBV among some population groups is alarming, reaching 15% in human immunodeficiency virus (HIV) patients and nearly 30% in drug users. 7, 8 Patients on chronic hemodialysis are considered high risk because many of the diagnostic and therapeutic procedures routinely used in this group increase the probability of HBV infection. 9 There are two distinct forms of HBV infection among individuals undergoing chronic hemodialysis: the first form is characterized by the triad of infected patients, health care workers, and uninfected patients. The second form is by transfusions of contaminated blood or blood derivatives and the risk of blood exposure in the frequent percutaneous procedures that these patients are exposed to. 10 HBV is stable and resilient; it can remain viable for up to 7 days at room temperature on the surfaces of utensils, medical supplies, and other objects. 11 Thus, the primary means of protection for individuals on dialysis is a targeted vaccination strategy against HBV. Improvements in quality of medical care and hygienic measures followed in hemodialysis units also contribute positively to protection.
The number of patients treated with dialysis worldwide is growing rapidly. According to the 2008 census in Brazil, there were approximately 90,000 people on hemodialysis, an increase of more than 50% compared with 2004. 12 The prevalence of HB in this population has decreased significantly (to 0.9% in the US and to 2% in Brazil) through preventive measures, such as the routine vaccination of patients and health care workers, the regular use of erythropoietin as a substitute for blood transfusions, early serological diagnosis, the isolation of infected patients, and cleaning and disinfecting procedures. 13 The CDC and the Brazilian Ministry of Health recommend routine HBV vaccination prior to dialysis with four doses of 40 µg each administered intramuscularly in the deltoid within 0, 30, 60, and 180 days of the procedure. 15 Several worldwide studies have shown that one-third of these patients do not respond adequately to immunization. 16 Individuals who carry antibodies against the HBV surface antigen (anti-HBs) above 10 mIU/mL are considered to be protected. For chronic kidney disease patients who do not respond to the primary vaccination, a new schedule with four doses of 40 µg is recommended. Therefore, in hemodialysis patients who respond to vaccination, serological control testing should be performed annually, and a new booster dose is recommended for those who present with antibody titers that are considered to be non-protective (,10 mIU/mL). 15 Few studies have closely followed the temporal evolution of the concentrations of anti-HBs in hemodialysis patients. Pin et al found that only 67.8% of subjects remained immune after a 1-year follow-up and 16% of subjects were already susceptible prior to their 6-month follow-up. 16 The objective of the study was to identify the pattern of HB vaccination response of hemodialysis patients and when they become serologically negative for anti-HBs. The secondary aim was to analyze the interference of clinical variables with the immunological response to HB vaccination.
Methods
We followed 102 patients who were being treated at two hemodialysis clinics in the southeastern region of Brazil in the period of March 2009 to April 2010. All the patients signed informed consent forms.
The inclusion criteria encompassed individuals with chronic renal failure who were just starting on hemodialysis 30 days after the complete vaccination schedule against HBV. Such individuals did not have concomitant diseases known to decrease the immunological response (acquired immunodeficiency syndrome or malignant neoplasms) and with no usage of immunosuppressive drugs (high doses of corticosteroids or chemotherapy). We excluded patients chronically infected (surface antigen of HBV [HBsAg] or anti-HBc [hepatitis B core antibody] positive) who were taking antiviral drugs, as well as those co-infected with HIV or hepatitis C, and hemodialysis patients with previous history of poor response to HBV immunizations.
The vaccines used were made with recombinant DNA technology by GlaxoSmithKline (Engerix-B ® ; London, UK) or by the Butantan Institute of São Paulo, and they were administered in double doses (40 µg each) according to the National Immunization Program recommendations.
The patients were then stratified according to age, the primary cause of renal disease, the presence or absence of tobacco use, and the presence or absence of occasional comorbidities (diabetes mellitus, hypertension, or autoimmune diseases).
Blood samples were collected every 2 months to perform quantitative tests, measuring the anti-HBsAg using the same reference laboratory. The method employed to analyze the antibody titers was a semi-quantitative microparticle enzyme immunoassay using an Abbott AxSYM microparticle enzyme immunoassay analyzer (Abbott Laboratories, Abbott Park, IL, USA). Only patients with at least three consecutive bimonthly blood collections were included in the sample. The continuous variable used for the analysis of the patient's profile included the age in years of the patients. The categorical variables applied encompassed sex, hypertension, diabetes, and smoking defined as a regular cigarette consumption.
For the quantitative variables, the analysis was obtained by mean and standard deviation calculation. For the qualitative variables, the absolute and relative frequencies were used.
The evaluation of homogeneity between proportions of the qualitative variables was performed using the chi-square test or Fisher's exact test when there were expected frequencies less than five.
For a three-group comparison, the two-way analysis of variance (ANOVA) was used by the Bonferroni test, and when the supposition of data normality was rejected, the nonparametric Kruskal-Wallis test was applied with Dunn's pairwise comparison test.
The significance level applied for the tests was 5%. The statistical package used in this study was SPSS, version 17.0, for Windows (IBM Corporation, Armonk, NY, USA).
Results
Our final sample consisted of 83 patients: 44 females (53%) and 39 males (47%). Their ages ranged from 15 to 86 years with a mean age of 55.1 years. During the study, there were ten deaths from complications secondary to disease, five transfers to other facilities, three referrals for kidney transplants, and one voluntary withdrawal for personal reasons after the initial sample collections.
We observed three response patterns to the immunizations: the nonresponders (41%) never reached the minimum protective titer of 10 mIU/mL, the poor responders (21.7%) had titers between 10 and 100 mIU/mL, and the good responders (37.3%) had antibody titers above 100 mIU/mL. Some had antibody titers that were extremely close to the cut-off level (12 mIU/mL, for example) and thus were quickly deemed susceptible in subsequent measurements. Other patients presented with increased antibody titers during the study, which may have occurred due to a continuing immune response to vaccination. There was no evidence of a first contact to HBV.
We found that despite a reduction in anti-HBs over time, the good responders did not become unprotected during the observation period, especially those participants who had titers above 1,000 mIU/mL after the initial immunization.
There were no statistically significant differences in the response to the vaccination in terms of age (P=0.17), tobacco use (P=0.36), or the presence of autoimmune diseases (P=0.96). Non-diabetic and non-hypertensive patients responded better to the vaccination (P=0.02 and P=0.01, respectively). The stratified analysis also demonstrated that the patients with concomitant hypertension and diabetes mellitus responded poorly to immunization (P=0.001) ( Table 1 ). The good responders maintained high antibody titers over time, which were sufficient to maintain protection throughout the year. This fact was most evident in those patients who had titers above 1,000 IU/mL from the first measurement that followed vaccination. We also determined that 55.5% of the poor responders became susceptible before completing 1 year of follow-up. At the fourth collection 1 month after the last vaccine dose, 44.4% of the participants had undetectable titers and were therefore prone to HBV infection (Figure 1 ). 
Discussion
In adults with normal immune systems, an HBV infection progresses with the production of neutralizing antibodies, the consequent elimination of the virus, and the development of immunity against future infection in 94% to 98% of individuals. In newborns and immunosuppressed individuals, including those on hemodialysis, the majority of these infections result in chronic disease with prevalence of the HBsAg without the production of protective antibodies. 15 The medical literature contains several studies showing that the response of chronic renal failure patients is inferior to that of the general population. 17 Concerning the specific response to HBV vaccination, several additional factors contribute to an inefficient immune protection in chronic renal failure patients, such as advanced age (over 60 years), prolonged hemodialysis, co-infection with hepatitis C virus and/or HIV, tobacco use, diabetes mellitus, malnutrition, and low adequacy dialysis levels. [18] [19] [20] [21] No differences have been found in the rates of seroconversion between patients on peritoneal dialysis and those on hemodialysis. 22 Promising agents in order to improve its response like AS02 (Engerix-B ® ) and after AS04 (Fendrix ® ) adjuvanted HB vaccines which have already proven to be superior to the ordinary regimen. 23 Several researchers have been studying ways to increase the effectiveness of vaccinations by using higher doses of antigen; administering the vaccines intradermally; dispensing multiple sequential intradermal doses; administering HB vaccinations along with hepatitis A vaccines; simultaneously using immunomodulators, such as levamisole or interleukins; and conjugating a new aluminum adjuvant to HBsAg, which is the most promising of these techniques. [24] [25] [26] [27] [28] [29] Our findings are consistent with other published results, in which an average of 30% to 40% of hemodialysis patients remain susceptible to HBV despite being vaccinated according to the present recommendations.
The results of anti-HBs serologic tests are usually expressed qualitatively, with positive results for titers higher than 10 mIU/mL and negative for titers below this level. 30 This study demonstrates that patients may exhibit titers close to the edge of protection but they may quickly become unprotected due to a fall in antibody titers over time. Chaves et al 31 demonstrated that the majority of poor responders dialysis patients did not show protective titers after 1 year, with only 44% with positive results. However, there is a slightly positive relation with a good response (.100 mIU/mL) and the maintenance of protection. About 92% of the good responders in this series remained protected after 1 year, with a decrease to 68% in 24 months. 31 Lin et al 32 have shown an HB response vaccination rate of 70.5% in 156 dialysis patients. Elderly, malnourished, and diabetic patients had a worse response than the other dialysis patients. 32 Our major concern was the poor responders because many of them become susceptible prior to the serological control tests, performed 1 year after the vaccination series as advised by the CDC and the National Immunization Program. We showed that 55.6% of those patients were negative after 1 year of follow-up. Our data revealed that 33.3% were negative for anti-HBs at the 4-month collection, and 11.1% more had become negative at the 6-month collection, totaling 44.4% of susceptible individuals.
In this group, revaccination could be anticipated based on the patients' anti-HBs titer levels 6 months after the completion of the vaccination scheme.
In conclusion, we demonstrated that chronic kidney disease patients in hemodialysis have different patterns of response to the HB vaccination scheme. There is a trend toward a reduction in antibody titers over time. Even with the 40 µg dose, 41% of hemodialysis patients did not respond to HBV vaccination.
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